Introduction
Most people spend around ninety percent of their lives indoors, and student about 30% of their time in schools (De Giuli et al., 2012) . The importance of Indoor Environmental Quality (IEQ) is its impacts on building energy usage, health, and productivity of occupants. The four main parameter for determination of IEQ are: thermal comfort (TC), visual comfort (VC), indoor air quality (IAQ) and aural comfort (AC) (Clausen and Wyon, 2008) .There is a significant relation between amount of energy usage in buildings and indoor environmental features (temperature, lighting, acoustic and ventilation) and building design and operation. Based on recent studies, cost of poor indoor environmental conditions for the employer, owner and also society, as a whole are frequently considerably higher than the cost of energy which are used in the same building (Olesen, 2012) . The behavior is referred to any direct or indirect act, which is selected by resident to achieve the comfortable indoor environmental conditions. Human activities and decision might be the most important IEQ issue because of its impact on other IEQ factors. Understanding the occupant behavior is helpful for prediction of building energy consumption. The weakness in quantitative measurement of human behavior and translating it to the energy algorithms are the most problem of considering occupant actions. Simulation technology is based on several disciplines like as computer and numerical sciences, physics, mathematics and so on. Social science modeling is a useful method for simulating human behavior. The aim of this study is to review presented researches in the field of IEQ, energy, human behavior simulation and energy management in buildings. For this reason, the related studies to the objective of this paper are identified through internet searches, review of published papers and conversation with other researchers. The results and methods of these studies are considered and the simulation software is analyzed.
Indoor environmental quality
Measuring of IEQ is commonly validated by four aspects: i.e. thermal comfort (TC), aural comfort (AC), visual comfort (VC) and Indoor air quality (IAQ) (Lai et al., 2009b , Clausen and Wyon, 2008 , Wong et al., 2008b .
Thermal comfort
Thermal comfort is expressed as "that condition of mind which expresses satisfaction with thermal conditions" based on ISO7730 standard definition. The American Society of ASHRAE (Heating, Refrigerating, and Air-conditioning Engineers), standard 55, states that success meaning a building provide the need of 80 percent of occupants (ISO, 2005) .Air temperature ( ֠ ◌C), air velocity (m/S), mean radiant temperature ( ֠ ◌C) and relative humidity are environmental parameter which influence occupant perception while, metabolic rate (met) and clothing value (clo) are two personal parameter (Asadi et al., 2014) . Indoor air temperature, air velocity, and relative humidity are measured directly. Equation for calculating mean radiant temperature is:
Where T i is Temperature of black surface, F si is fraction of radiation of the black sphere, which reaches the i th .
Everyone has a different metabolism rate. These amounts are able to change according to the activities done, or under special environmental situations. Usually, metabolism is considered in Met (1Met = 58.15 W /m 2 of body surface).The movement of air and relative humidity can reduce the isolating capability of the cloth depending on the sort of cloth (Havenith, 1999) . Based on mentioned parameters the Predicted mean vote (PMV) and predicted percent of dissatisfied (PPD) indexes are defined. The mean vote of a large group of residents is described by PMV in a certain environment. PMV demonstrated a thermal principle based on steady-state heat transfer which occurs between the occupant body and the environment. Predicted percentage of dissatisfied (PPD) is the forecasted percentages of dissatisfied people at every PMV. As PMV varies away from zero in the positive or negative trend, PPD increases (Fanger, 1970) . Complaints about temperature are the greatest communal sort of service demand from occupants in business buildings. Complaints about thermal perception indoors are about 75% of all other environmental factors complaints from occupants (Federspiel et al., 1998) . Thermal situation will also have an effect on the strength and occurrence of sick building syndrome (SBS) symptoms because of the existence of Volatile Organic Compounds (VOC) in the atmosphere (Kjaergaard et al., 1993) . The results of numerous researches show that there is 2% reduction in average for work efficiency per ºC when the temperature is more than 25 ºC (Seppanen et al., 2004) .
Indoor air quality
The Indoor air quality (IAQ) is related to the health and comfort of occupants and poor IAQ is related to the Sick building syndrome (SBS). The yearly cost related to the indoor air quality is amounting to $100 billion (Fisk, 2011) . These prices are related to some problems such as SBS, illness which are related to the house and building, absenteeism, and also cost for maintenance of problematic buildings. ASHRAE Standard 62.1 remarks that acceptable ventilation rate, is that conditioned which most majority (80% or more) of the persons exposed do not express dissatisfaction (Ashrae and Standard, 2007) .The change volume of contaminant per volume of air over time is stated by the following equation :
Where: V is volume of space (m 3 ), C i is concentration of pollutant in indoor air (µg/m 3 )
There are different group of chemical and biological pollutants in indoor air such as carbon monoxide (CO), carbon dioxide (CO 2 ), Environmental Tobacco Smoke (ETS), VOCs, radon, ozone, nitrogen oxides (NOx), vapor, particles, bacteria and fungus. Generally, airconditioning, floor coverings, ventilation rates, ventilation system, humidity, range of outdoor air provide, fungal and microbiological, air indoor humidity, indoor temperature, and also chemical pollution in the indoor air impress feeling of indoor air quality and also SBS symptoms (Mendell, 1993) . There are different researches which considered CO 2 concentration as an IAQ Index (Wong et al., 2008b, Cao et al., 2012, Asadi and . The equation to calculate ventilation rate for considering IAQ based on CO 2 concentration is:
Where V rate = effective ventilation rate in cfm of Outdoor Air (OA) per person, EX rate = average exhalation rate of CO 2 per person in the measured area, CO 2 in = measured inside concentration level of carbon dioxide, CO 2 out = outside carbon dioxide concentration, measured or estimated.
Removing the same pollution resource; have similar consequence. It is demonstrated that cleaning the contamination resource gets better illustrious air quality, reduced feeling dryness of air and the harshness of headaches, and also improved typing performance (a calculate of efficiency). It is understood which complaints for dryness in air are more ordinary in novel air-conditioned buildings, while distinguished air quality grievances (referring to smell and air will be stuffy and stale) are more frequent in aged buildings with poor outside air provide (Wargocki et al., 2002 , Nordstrom et al., 1995 .
Aural comfort
Within usual ranks in nowadays places of work, acoustic quality may have little healthiness influences other than inducing exhaustion, however it has significant influence on office employee efficiency (Evans and Johnson, 2000) . Jensen and Arens. (Jensen and Arens, 2005) , in their researches of 23,450 study which were resulted by considering 142 buildings, demonstrated which acoustic quality constantly receives the lowest average level of feeling satisfaction score amongst every part of nine IEQ categories calculated in the survey. His result showed that populace is considerably more displeased with talking privacy than the level of noise. Despite these results, in the majority of cases acoustics doesn't take the design attention as other factor in IEQ (Salter et al., 2003) . The direct and diffuse indoor sound pressure which is perceived depends on characteristics of the space like as volume of space. In the field of diffuse the sound pressure level perceived is:
Where L p = sound pressure level, L w = sound pressure level in point, A = surface area of the enclosed space.
The sources of noise (when sound disturbs the occupant) are indoor sources like as HVAC systems, drinking water systems, and outdoor sources like as traffic jam.
Visual comfort
Lighting (counting as luminance, difference between clarify surfaces, and the spectrum of light) can influence residents' health and efficiency both in a straight line, since work efficiency depends on vision, and not directly, because lighting can straight attention, or affect motivation (Hygge and Knez, 2001 ). Fisk and Rosenfeld (Fisk and Rosenfeld, 1997) , have done research which looked at the connections between lighting and work efficiency, by measuring the performance of persons which are working in offices as the electric lighting was modified. Heschong et al. (Heschong et al., 2002) realized which horizontal daylight lighting levels have a contradictory correlation to efficiency and health, important in only two out of eight efficiency metrics examined in a call center research. The daylight and artificial light are two main sources of light. Based on following equation the amount of direct lighting level is (Visser, 1992) :
Where: n is number of light sources; Φ is light flux of all light sources (lumen); η is output (efficiency) of light source; l is length of space (m) and b is width of space (m).
Overall IEQ
However, each IEQ parameter has an important effect on occupant comfort and productivity, perceive of overall IEQ acceptance is more complicated. There are several studies which assess the IEQ acceptance among occupant by using a multivariate logistic regression (Cao et al., 2012 , Wong et al., 2008a , Lai et al., 2009a .The demonstrated model is:
Where: ǿ 0 = the overall IEQ acceptance, C 0, 0 and C i, 0 are the regression constants, ǿ i is the occupant acceptance related to the thermal sensation vote ζ 1 , the CO 2 concentration ζ 2 (ppm), the illumination level ζ 3 (lx) and the sound pressure level ζ 4 (dBA).
The thermal environment acceptance ǿ 1 (ζ 1 ), is:
And the acceptance of ǿ 2 (ζ 2 ), ǿ 3 (ζ 3 ) and ǿ 4 (ζ 4 ) are demonstrated by below regression when C 0,j andC 1,j are regression coefficient :
Measurement Methods
Models of IEQ require aggregating data to give a summary picture of how well a space or building is performing. By using one of the objective physical measurements or subjective occupant surveys or both of them the evaluation of this kind of data will be completed. The aim of an IEQ model is to observe the data contained in these objective and subjective measurements into a rating or score. The accuracy and applicability of such scoring systems depends on the quality of the objective and subjective evaluation data which is collected (David Heinzerling, 2013) . This part it is concerned about these two methods for collecting and analyzing the data for monitoring in numerical ways.
Subjective Measurement Methods
The simplest and also the cheapest method for considering IEQ is usually survey (2010) . Satisfaction of occupants is finally the main concentration of the owner and also operation of building regardless of physical IEQ conditions. A lot of survey tools are used to consider satisfaction among the occupants. A review by Schiavon and Peretti's for IEQ surveys (Peretti and Schiavon, 2011) makes available a historical description of IEQ surveys. The subjective character of surveys and variety of judgments for similar IEQ physical conditions makes difficult the use of surveys as the only tool as a reason of evaluating building IEQ performance. In addition, surveys do not for all time capture IEQ issues which might have energy implications for instance over-lighting or economizer operation. In a review by Nicol and Wilson (Nicol and Wilson, 2011) other issues associated with surveys has been considered. This issue is included: 1) complexity finding a representative time for surveying; 2) expounding the results; and 3) which questions are better to ask? The earliest assessment can be partly deal with doing "right-now" surveys which can be done at different times of the day/week/month/year. It can cause "survey fatigue" (Porter et al., 2004) . "Right-now" surveys request about situations at the instant the survey is given, as be in opposition to longterm surveys that inquire occupants to summarize their overall satisfaction in general for the previous week, month or year. The next evaluation goes back to the lack of obvious guidelines for practitioners on the method to interpret subjective measures into normalized limits of environmental issues. The third assessment goes to the complicated character of survey questions. The phrasing of survey questions are able to really have an effect on the answers obtained, that may cause biased.
Objective Measurement Methods
The objective measurement is used to measure the two assessments that mentioned above for subjective measurement (finding a delegate period and understanding the results). Accuracy and calibration and cost are also other issues which should be considered. For keeping instruments calibrated, there are difficult and frequently expensive methods. While the sensors themselves are frequently costly, the labor correlated with organizing sensors crossways a big building and then discovering the wide quantity of data can rapidly become unreasonable.
Human behavior & building energy consumption
The amount of energy usage in residential and commercial buildings was about 41 % of total energy usage in U.S in 2014. A computer based system for managing, controlling, and monitoring the building services demonstrated as building energy management systems (BEMS). There is the possibility for operators to reduce energy consumption with or without advanced technological systems (Aune et al., 2009) . The results of a research shows the 30% energy conservation improvement by using of indoor environmental management systems (IEEMS), based on a fuzzy controller system (Kolokotsa et al., 2005) .
As illustrated in Figure 1 , energy consumption in buildings is strictly related to the behavior of occupants in building (Hoes et al., 2009, Azar and Menassa, 2015) . The researches on thermal comfort and adaptive control (Brager and de Dear, 1998) , lighting control (Bourgeois et al., 2006) , possible window control (Rijal et al., 2007) , and shading control (Bourgeois et al., 2006) are some of the research subjects which began to assess the occupant behavior that influences in building operation and energy efficiency. Behavioral in buildings are intricately linked with multiple factors that stem from the physical, cultural, psychological, social, and so on (Lee et al., 2011) . Some studies have also suggested that the perceived ability or inability to behave adaptively in the field has a psychological effect that must be considered by thermal comfort calculations (Brager and de Dear, 1998 , Leaman and Bordass, 2007 , Simonson et al., 2002 . (Phillips and Levin, 2015) .
IEQ simulation tools
The aim of this part is to consider simulation tools and software which are using to predict occupant satisfaction, energy efficiency and occupant comfort in buildings. The simulation of building is a good strategy for testing building efficiency in different conditions (Hensen and Lamberts, 2011) .Estimating the amount of energy consumption and designing the HVAC system is the most common usage of simulations. In some studies IEQ aspects are considered based on temperature set points and ventilation rate (Loonen et al., 2015) .There are different developed computational models for simulating each IEQ aspect (Zhang and Chen, 2009 , Hensen and Lamberts, 2011 , Vorländer, 2013 . Most of these simulating models consider each IEQ aspect separately and the inability to consider the interaction of a specific IEQ parameter with other IEQ Parameter is the drawback of these methods (Citherlet et al., 2001) .Based on U.S Department of Energy (DOE2015) , just 2 of the 417 simulation software in the Building Energy, are capable to simulate all four IEQ aspects. Loonen et al. reviewed different building performance simulation (BPS) programs and their capability to calculate the various IEQ parameters. The BPS is a method to predict the amount of energy usage in buildings. This overview is shown in Fig 2. Insert Figure 2 Figure2. overview of different BPS programs (Loonen et al., 2015) The BPS estimation for energy usage in buildings can be faced by error in 30 up to 100 % compared to real condition because of human behavior uncertainty (Yudelson, 2010, Turner and Frankel, 2008) .
Human behavior
The "behavior" is the actions or reactions of an object, usually in relation to its environment. In the most research, the presence of occupant and heat generation and energy consumption by occupant are considered without taking account the way which they behave to use energy (Kashif et al., 2013) . Considering the actual behavior of occupant in simulation methods leads to more realistic simulation. Recognition information within humans are captured by many behavior illustration models (Anderson and Lebiere, 1998) . The human behavior representation model based on earlier studies are summarized in Table 1 .Based on Langevin suggestion (Langevin, 2014) , there are different steps to achieve better understand about the concept of human behavior simulation. These suggested steps are: a) Additional longitudinal field study b) Individually behavior modeling c) Assessment of behaviors and their sequencing d) Behavior modeling in multiple building types e) An accessible behavior/energy co-simulation structure focuses on the way which persons manage their information in order to behave cleverly (Just et al., 1999) CAPS (concurrent activation based production system) Considering all stating the conditions actions (Zachary et al., 1998) COGNET (cognition as a network of tasks)
Consider cognitive behavior by assumption of human capability to perform multi tasks (Card et al., 1983) CCT (cognitive complexity theory) representations people performance as an aims, Operatives, Approaches and Choice rules (Eggleston et al., 2000) DCOG (Distributed cognition) explain which cognition can be distributed through the environment (Kieras and Meyer, 1995) EPIC (executive process/interactive control)
Focus on the intellectual. (Freed, 1998) APEX (architecture for procedure execution)
Consider human behavior in dynamic environment (Sierhuis et al., 2007) Brahms (Business redesign agentbased holistic modeling system) Considering human social behavior over times (Wherry Jr, 1976) HOS (human operator simulator) a human model of abilities and restrictions to funding the design of humanmachine systems
The recent studies used agent-based model (ABM) to simulate the general behavior of a complex system, which appear from the interaction of separate agents. The occupant or facility manager can be consider as agent in this method (Papadopoulos and Azar, 2016) .
Discussions
Thermal comfort, aural comfort, Indoor air quality and visual comfort are the four main parameters to evaluate the IEQ in buildings. The poor IEQ is caused sick building syndrome, less human productivity and also more energy consumption. One of the most important reasons for considering IEQ in buildings is reducing the amount of energy usage. However, the heating, cooling, ventilation, water heating, lighting and electronics equipment are the main reasons for increasing building energy consumption, but the occupant activities effects on all of them. Occupant behaviour is a physical and also psychological response to the environmental conditions to manage the dissatisfied conditions .This is why, the human behaviour is closely related to the energy usage in residential and commercial buildings and should be consider as an important factor in the field of built environment.
Conclusions and future work
Based on review different paper in the field of IEQ it is concluded that:
(1) Most studies considered the relation between just one or two IEQ parameters and occupant satisfaction. Some researcher promoted a multivariate logistic regression to predict the overall IEQ acceptance based on subjective and objective measurement. These studies focused on occupant satisfaction.
(2) The lack of a relationship between overall IEQ parameter and energy consumption is noticeable. Some studies used different type of simulation methods and software to predict the amount of energy consumption by considering one or two IEQ parameters.
(3) The disability of simulating all IEQ factors at the same time and considering the effect of human behavior on building energy consumption is the drawback of the available software.
(4) In a human simulation process, considering physical, psychological, and social behavior of occupant is required. The aim of human behavior consideration is to measure and predict the occupant behavior while facing with uncomfortable conditions. The complexity and uncertainties of occupant behavior leads to lack of behavior prediction and feedback in simulating software. The current simulation programs have a limitation to predict dynamic behavior of occupant and just supported implausible forms of human behavior.
Therefore, the development of existing knowledge to be used in considering and simulating human behavior in various methods and different kind of buildings with different IEQ conditions provides a valuable contribution in the energy simulation programs. Also, it is suggested to use an algorithm to consider building energy consumption based on human behavior by considering all IEQ factors. 
